The aim of the present study was to determine whether the beneficial effect of oral supplementation with calcium and conjugated linoleic acid (CLA) in the reduction of the incidence of pregnancy-induced hypertension (PIH) is related with changes in plasma levels of prostanoids, renin, angiotensin II, calciotropic hormones, and plasma and intracellular ionized free calcium.
P
regnancy-induced hypertension (PIH) is one of the most common contributors to maternal morbidity and mortality, premature birth, intrauterine growth retardation (IUGR), and low birth weight. 1 The etiophysiopathology of PIH remains unknown. 2 An imbalance in the vascular production of prostaglandins has been proposed as a possible mechanism in the alterations of the vascular reactivity that characterizes PIH. 3 Prostacyclin and prostaglandin E 2 (PGE 2 ), produced mainly in the vascular endothelium, are potent vasodilators and inhibitors of platelet aggregation, whereas thromboxane A 2 , produced primarily by platelets, is a potent vasoconstrictor and promoter of platelet aggregation. 4 It has been observed that a decrease in the PGE 2 levels is associated with an increase in the vascular response to angiotensin II in pregnant patients who are susceptible to develop preeclampsia (PE), probably through the increase of intracellular ionic calcium. [5] [6] [7] The oral administration of the combination of conjugated linoleic acid (CLA) as precursor of prostaglandins and calcium as an activator of membrane phospholipases could lead to an increase in the production of vasoactive prostaglandins and contribute to reduce the incidence of PIH. In previous randomized clinical controlled trials we have demonstrated that calcium supplementation decreases the incidence of PIH 8 -10 and that in combination with linoleic acid produces an increase in PGE 2 in pregnant patients at high risk of developing PE. 11 However, in experimental studies the supplementation with CLA reduced PGE 2 formation. 12 The aim of the present randomized, double-blind, placebo-controlled clinical trial was to investigate whether the oral supplementation of calcium and CLA decreases the incidence of PIH and affects the plasma levels of prostanoids, renin, angiotensin II, calciotropic hormones, and plasma and intracellular ionized free calcium.
Methods

Study Population
Healthy primigravid women younger than 19 or older than 35 years from week 18 to 22 of gestational age were recruited from four outpatient clinics in Bangladesh and Colombia and were screened to enter the study. Pregnant women without a reliable family history of PE (antecedent from clinical record of mother or sister with PE) were excluded. None of the patients had multiple pregnancy, diastolic blood pressure (BP) of 85 mm Hg or more at the first antenatal visit, cardiovascular or renal disease, nor were they hypertensive and none of them was taking any medication at the time they were enrolled. The gestational age was determined according to the date of the last menstrual period. The study was approved by the institutional review board of each of the participating outpatient clinics and all subjects gave written informed consent before entering the study.
Upon enrollment, physicians completed a questionnaire including sociodemographic and obstetric characteristics. A properly qualified nutritionist evaluated the calcium daily intake of the enrolled pregnant women. 13, 14 The participants were allocated in two random groups: the supplemented group (n ϭ 24) who received a daily oral dose of 1484 mg of calcium carbonate (600 mg of elemental calcium) and 450 mg of CLA, and the control group (n ϭ 24) who received placebo pills (600 mg of lactose and 450 mg of starch with a calorie content of 5 kcal per capsule). The CLA refers to a mixture of positional and geometric conjugated dieonic isomers of linoleic acid, specifically the cis-9, trans-11 and trans-10, cis-12 isomers. The CLA was produced by Pharmanutrients Inc., Lake Bluff, IL. The dose of calcium was calculated from the differences between physiologic needs and the calculated oral intake in the study populations, whereas the linoleic acid was calculated on the basis of substrate for the production of prostaglandins. 11 There were no differences in weight, size, flavor, or color between treatment and placebo pills. Eligible women were assigned to groups by opening the sequentially numbered, sealed, opaque envelope containing a card that indicated the study allocation. These random cards were prepared and sealed by an independent administrative staff member using a random number table prepared with the True Epistat statistical package version 5.0 (Epistat Services, Richardson, TX).
The women were instructed to take the pills at the same time every morning until delivery. Compliance was assessed at each antenatal visit answering a questionnaire and counting the remaining tablets in the bottle. All the patients received the standard antenatal monthly visit until the 36th week of gestation and twice a month thereafter.
A follow-up to term was made and the medical records were reviewed for each patient to determine the presence of PIH. Pregnancy-induced hypertension was defined by the presence of gestational hypertension (GH) or PE. Preeclampsia was defined as normotension before the 20th week of gestation with the subsequent development of hypertension (Ͼ140/90 mm Hg) and significant concomitant 24-h proteinuria (Ͼ0.3 g/L) in the absence of urinary tract infection. Gestational hypertension was defined as de novo hypertension arising after midpregnancy without proteinuria. At each visit, BP was measured twice, according to the criteria proposed by the American College of Obstetricians and Gynecologists. Blood pressure measures were obtained by Korotkoff's method and the mean values of two consecutive measurements were used for analysis. The standard mercury sphygmomanometers were calibrated every 3 weeks.
Blood samples and nutritional inventory were obtained after calcium/placebo administration before delivery. All the members of the research team received adequate training and were working under common standard operating procedures in all the centers.
Biochemical Analysis
Blood samples were collected from the antecubital vein at inclusion time and after supplementation at the end of pregnancy before delivery or treatment for PIH. Plasma was separated immediately by centrifugation, fractionated into several aliquots, and stored frozen at Ϫ80°C until use.
Peripheral blood mononuclear cells (PBMC) were isolated by Ficoll-hypaque (Pharmacia & Upjohn, Bridgewater, NY) density gradient centrifugation and used to measure the intracellular ionized free calcium concentrations in each local center using a method described elsewhere. 15 Briefly, after PBMC separation, cells were washed in Hank's balanced salt solution containing 1% fetal calf serum and were suspended at a concentration of 10 7 cell/mL. Cells were then incubated for 30 min at 37°C in a solution containing a final concentration of Fluo-3/AM (4 g/mL) and FuraRed (10 g/mL). Next, PBMC were diluted in 4 mL of Hank's balanced salt solution containing 1% fetal calf serum incubated for 10 min at 37°C and then were washed, diluted again, and kept at room temperature for 15 min in the dark. The PBMC were maintained at 37°C until analysis by flow cytometry using a read FACSort cytometer (Series B 0266; Becton Dickinson, San Jose, CA). The analyses were focused on the lymphocyte subpopulation that was selected using granularity (SSC) and size (FSC) parameters.
Standardized methods were used to determine serum levels of PGE 2 , renin, 16 angiotensin II, 17 parathormone, 18 and calcitonin 19 by radioimmunoassay (RIA) technique in the Shanghai Medical University, Shanghai (China), using reagents from Dia Sorin Inc, MN, Beijing North Institute of Biological Technology, Beijing, China and Nanjing Biological Engineering Research Institute, Nanjing, China.
Statistical Analysis
A sample of 24 women per group was calculated to demonstrate statistical significance of a relative reduction of 75% in the rate of PIH (from 50% to 13%) with an ␣ of 0.1 and ␤ of 0.2 assumptions based on previous studies with pregnant women at high risk of developing PIH Ten women (41.7%) (7 GH and 3 PE) from the placebo group developed PIH compared with 2 (8.3%) from the supplemented group. No woman from the supplemented group met the criteria for PE diagnosis. The overall incidence of PIH was significantly reduced in women receiving the calcium-CLA supplement (RR ϭ 0.20, 95% CI 0.05-0.82, P ϭ .01). Gestational hypertension was treated with bed rest and oral nifedipine. Fifty percent of the patients with GH had cesarean delivery. The three patients with PE had cesarean section, 2 were treated with magnesium sulfate and oral nifedipine and 1 with alpha-methyldopa and diazepam.
The compliance of the treatment was similar in both groups (80% v 81%). The spontaneous or induced reported side effects attributed to their treatment were 1/24 (4%) in both groups (flatulence, gastritis). The levels of creatinine in plasma were not affected during pregnancy in both groups (supplemented, 0.77 Ϯ 0.24 mg/dL v 0.7 Ϯ 0.14 mg/dL, P ϭ .58; control, 0.71 Ϯ 0.10 mg/dL v 0.77 Ϯ 0.16 mg/dL, P ϭ .56). The mean ratio between calcium and creatinine increased in the supplemented group (11.9 Ϯ 2.7 v 13.6 Ϯ 4.4, Pϭ .005) but no differences were observed in the placebo group (12.1 Ϯ 2.5 v 12.1 Ϯ 2.3).
There were no significant differences in the median of PGE 2 , renin, angiotensin II, parathormone, and calcitonine before and after interventions in both groups (Table 3) . The plasma levels of ionized calcium were similar in both groups before and after interventions (Table 3 ). In the supplemented group the concentration of intracellular ionized free calcium decreased (92.0 nmol/L [range, 62.5 to 220 nmol/L] v 62.5 nmol/L [range, 28 to 200 nmol/L], P ϭ .01) after intervention, but there were no changes in the placebo group (Fig. 1) . The women who developed PIH (n ϭ 12) presented a significant increase in intracellular ionized free calcium concentrations in peripheral blood lymphocytes after interventions (120 nmol/L [range, 89.2 to 240 nmol/L] v 137.5 nmol/L [range, 89.2 to 138 nmol/L], P ϭ .020). In the analysis by treatment group, the women who remained normotensive in the calcium-CLA group presented a statistically significant decrease in intracellular ionized free calcium concentrations in peripheral blood lymphocytes after supplementation, whereas women who developed PIH in the placebo group showed an increase in intracellular calcium concentrations in these cells (Fig. 2) . In the supplemented group the correlation index (R 2 ) between PGE 2 and renin increased from 0.01 (95% CI Ϫ0.39 -0.41, P ϭ .25) to 0.55 (95% CI 0.27-0.72, P Ͻ .001) (P ϭ .02) and between PGE 2 and angiotensin II increased from 0.09 (95% CI Ϫ0.32-0.47, P ϭ .09) to 0.46 (95% CI 0.05-0.72, P ϭ .001). No other significant correlations were observed.
The birth weight was significantly greater in the supplemented group (2979 Ϯ 448 g v 2705 Ϯ 433 g, P Ͻ .001) ( Table 4 ). There were no significant differences in the gestational age at delivery between both groups (38.8 Ϯ 2.2 v 38.6 Ϯ 1.6 weeks, P ϭ .61).
Discussion
The pregnant women included in this clinical trial were healthy women at high risk of developing PE, identified for well-known epidemiologic factors such as primigravids younger than 19 or older than 35 years, low income, antecedents of PE in mother or sister, and presence of diastolic notch by Doppler ultrasound in uterine or arcuate arteries. 20 In these high risk women the supplementation with calcium and CLA reduced the incidence of PIH.
During pregnancy, there is a great demand for calcium intake to respond to the higher demands caused by the process of fetal bone formation. Furthermore, there is a dilution of the cation due to the expanded extracellular fluid volume, and to the normal hypercalciuria of pregnancy consequent to increased glomerular filtration. Thus, serum-ionized calcium concentrations depend on an adequate calcium intake. 8 In the present study, calcium nutrient intake was low at the beginning of the study and during the follow-up period in both groups (601 v 602 mg/d and 576 v 673 mg/d, respectively).
Previously, it was reported that preeclamptic women present a reduction in extracellular calcium concentration with low levels of the serum-ionized calcium and abnormal calciotropic hormone levels. 21 Moreover, it was proposed that the beneficial effects of calcium supplementation in the prevention of PIH could be related with the maintenance of the plasma-ionized calcium levels within the narrow physiologic ranges. 22 The concentration of extracellular-ionized calcium is crucial for the synthesis in the endothelium of vasoactive substances, such as prostacyclin and nitric oxide. 23, 24 The creatinine plasma levels were not affected during pregnancy in both groups; however, the plasma ratio of calcium-to-creatinine in the supplemented group increased significantly, whereas in the control group it did not change. These results suggest that FIG. 1. Intracellular ionized free calcium concentrations in peripheral blood lymphocytes of included pregnant women before and after administration of calcium-CLA or placebo. Intracellular ionized free calcium was significantly decreased after supplementation with calcium and CLA (P ϭ .01).
FIG. 2.
Intracellular ionized free calcium concentrations in peripheral blood lymphocytes of included pregnant women who developed pregnancy-induced hypertension or remained normotensive before and after administration of calcium-CLA or placebo. Women who remained normotensive in the calcium-CLA group presented a statistically significant decrease in intracellular ionized free calcium concentrations after supplementation (P ϭ .0007), whereas women who developed pregnancy-induced hypertension in the placebo group showed an increase in intracellular calcium concentrations (P ϭ .007). Mean intracellular free calcium concentration and individuals values for each group are shown. the supplemented calcium was absorbed. However, we cannot confirm this fact because we did not measure the urinary calcium excretion. The levels of plasma-ionized calcium were within the physiologic ranges in both groups. Thus, it is unlikely that the preventing effect of calcium supplementation could be related to the plasma concentration of ionized calcium. The discrepancy of these results with previous clinical trials 8 in the behavior of the plasma-ionized calcium in the calcium-CLA group may be related with the quantity of the calcium supplemented. In the previous study the supplemented group was given 2 g/d of elemental calcium, but in the present study the supplementation was only 600 mg/d. Moreover, these results could explain the lack of significant differences in the calciotropic hormones between the supplemented and the placebo groups. The secretion and biosynthesis of parathormone and calcitonin are regulated by the concentration of plasma-ionized calcium. Thus, parathormone is secreted when the plasma-ionized calcium decreases below the parathyroid gland set point of about 1.10 mmol/L. 25 Therefore, the reduction of intracellular free calcium in peripheral blood lymphocytes in the pregnant women who received low doses of calcium and CLA could not be attributed to the effect of calciotropic hormones. In patients with high BP, an inverse correlation between intracellular platelet calcium and plasma-ionized calcium has been observed, supporting the hypothesis that hypertensive individuals may possess a factor that allows intracellular calcium to be elevated beyond the expected values based on extracellular calcium levels. 26 Moreover, higher intracellular free calcium concentrations have been observed in lymphocytes obtained from women with PE but not from normotensive pregnant women or pregnant patients with chronic hypertension. 27 The concentration of intracellular free calcium is increased by the opening of cell membrane channels, mobilization of intracellular deposits, or by limitation of cellular extrusion. 28 Several studies have investigated the role of angiotensin II as an agonist for receptor-mediated intracellular calcium transients in vascular smooth muscle. 28 These studies have consistently shown an increase of intracellular free calcium concentration in platelets and lymphocytes in response to stimulation with angiotensin II and vasopressin in patients with PE. 6 In this context, our observations that the women in the supplemented group presented with lower intracellular free calcium concentration in peripheral lymphocytes and that women who developed PIH presented with a significant increase in intracellular calcium concentrations in these cells, suggesting an alteration in the membrane calcium transport, which is corrected by the calcium-CLA supplementation. Also, it is not possible to discard the fact that the supplementation with CLA could interact with calcium to reduce the intracellular ionized free calcium concentrations.
Previously, we have demonstrated 11 that linoleic acid plus calcium supplementation in pregnant women decreases the risk of PIH and increases the formation of PGE 2 . However, in the present study using calcium-CLA supplementation, we observed no significant decrease in the concentration of PGE 2 in the supplemented group. This contradictory result could be explained because CLA is a mixture of positional and geometric double bonded isomers of eicosanoids, in most cases biologically inactive. Hence, these isomers of linoleic acid, unlike linoleic acid, are likely not efficient substrates or precursors for metabolism by cyclooxygenase or lipoxygenase to generate bioactive eicosanoids. This view is supported by experimental studies demonstrating that the supplementation with CLA reduced PGE 2 formation. 12 In conclusion, our results demonstrate that the administration of low doses of oral calcium and CLA during pregnancy significantly reduces intracellular free calcium concentration in peripheral blood lymphocytes. This finding could explain the beneficial effect of the nutritional intervention in reducing the incidence of PIH. Moreover, our results could be related with the well-known effects of the calcium channel blockers, especially nifedipine, as safe and effective therapeutic agents in controlling BP in PIH. 29, 30 Additional studies are needed to elucidate the specific mechanisms by which calcium and CLA supplementation reduces intracellular ionized free calcium concentrations in lymphocytes and other cell types in pregnant patients. Data are presented as n (%) and means Ϯ SD.
